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INTRODUCTION

The zonation of marine molluscs along the intertidal

shorelines of the world has been intensively investigated

in many areas since the broad perspectives of the Stephen-

sons were published (Stephenson & Stephenson, 1949).

A number of more recent studies have investigated the

zonation of marine molluscs on the eastern and southern

coasts of Australia (Endean et al., 1956; Underwood,

1972) or have examined particular features of the biology

of intertidal molluscs occurring on those shores (Cole-

man, 1976; Underwood, 1975, 1976). Development of

our understanding of the marine intertidal communities

of Western Australia has been severely handicapped by
the size of the coastline, about 6500 km, and the small

number of marine biologists in the state. The marine inter-

tidal communities of the Perth area have been examined
(HoDGKiN, Marsh & Smh-h, 1955; Marsh & Hodgkin,

1962; Prideaux, 1976) but there is almost no published

information available on any aspect of the moUuscan
communities of the north coast of Western Australia

east of Derby. The coasthne of that area has been largely

inaccessible from land because of a lack of roads and
access from the sea has been prevented by the lack of

available ship-time. Over the last several years the West-

em Australian Museum has conducted several field pro-

grams in the northeastern comer of the state and it was
felt that sufficient information was now available to pin-

point a number of areas of particular interest which could

be examined on a major expedition. The Western Austral-

ian Museum in conjunction with the Field Museum of

Natural History, Chicago, USA, conducted an intensive

survey of the land, freshwater and marine fauna of the

Admiralty Gulf and adjacent Mitchell Plateau from 16

October to 6 November 1976. The teams had a variety

of interests: mammals, birds and reptiles, fish, insects,

mites, and molluscs. This paper is the first report on the

work done on molluscs during the expedition.

THE STUDY AREA

The Admiralty Gulf (Figure i ) is a large marine embay-
ment with an area of approximately 1700km" on the

extreme northeast coast of Western Australia about 300km
W of the Northern Territory border. The waters of the

Gulf are essentially marine but minor freshwater inflows

are received from the Mitchell and Lawley Rivers; lim-

ited estuarine areas are associated with each river. The
ccHTiplex system of tides which occurs in the Gulf makes
the area an interesting one for the examination of the

patterns of zonation of marine intertidal mollusc species.

The tidal range is extensive, with a maximum range of

as much as 8.8m on spring tides, from - 1.7m on the

shore to -|-7.im. The average tidal amplitude is 4.4m.

The tides are predominantly semidiurnal, but diumal

tides occur during the changeover between neap and

spring tide periods. When the changeover occurs the tidal

levels remain static for several hours at a level of about

+ 2.6m.

Two major intertidal habitats occur in the Admiralty

Gulf A myriad of small bays is fotmd, each with extensive

mangrove development at the midtide levels. In many of

the bays well developed mudflats occur landward of the
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Admiralty Gulf

Figure i

Map of Australia Showing the Position of the Admiralty Gulf

The Insert shows the Admiralty Gulf itself and the Location of

Walsh Point in the Gulf.

L, Lawley River; M, Mitchell River; MI, Malcolm Island

W, Walsh Point

mangroves. These areas are baked dry by the tropical sun

during the neap tides but are submerged intermittently

during spring tides. Few molluscs occur on or in the land-

ward mudflats. Extensive mudflats which project seaward

of the mangroves for as much as a kilometer are exposed

by low spring tides. A variety of molluscs is found on the

surface and in the mud of these flats. The headlands be-

tween the bays are rocky shores in the intertidal zones;

the rock is of either sandstone or basalt, depending on the

particular location in the Admiralty Gulf Three marine

programs were conducted in the Admiralty Gulf by the

WAM Mollusc Department. The results of a faunal sur-

vey of the Gulf and the nearby Institut Islands and an

intensive examination of the molluscs of the mangrove

swamp at Port Warrender in the Gulf will be published

elsewhere. The present paper examines the zonation of

epifaunal marine gastropods at Walsh Point in the Ad-

miralty Gulf.

Walsh Point is a small basaltic peninsula 2.7km long

(Figure i ) located at latitude I4''35'S and a longitude of

i25°5o'E. The seaward tip of Walsh Point, where the

samples reported here were collected, is almost complete-

ly rocky in the intertidal areas. The shore of the high inter-

tidal zone is composed of small rocks 5 to 13 cm in dia-

meter which are several layers deep. These rocks are easily

moved about by even moderate wave action. The rocks are

larger at the midtide level, about 10 to 30cm in diameter,

and are only 2 or 3 deep. Base rock is exposed in some areas

of the midtide zone. At the lower intertidal areas the basalt

rocks are 30cm or larger in diameter and are separated
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from each other by up to 30cm of sand; very few rocks

adjoin each other in the low intertidal zone. At a level

of about 0.5m the shore changes rapidly into a sandy

beach in which rocks are rare.

Walsh Point is located well within the Admiralty Gulf

and is thus protected from the wave action of the open

sea. The water is extremely turbid at low tide even on

calm days, with a visibility of 15 cm or less. As the tide

rises, visibility increases to about 90 cm.

MATERIALS and METHODS

Four transects approximately 10m apart were made
along the rocky shore of Walsh Point from the 0.5m tide

level to the 7.0m level. The tide level was determined by

comparison of the water levels at Walsh Point with tide

charts for nearby Malcolm Island. A imXim quadrat

was searched at every other meter along the transect and

all gastropods found were removed and preserved in 10%
formalin. All specimens were returned to the museum lab-

oratories where they were identified and counted. Shell

length of all individuals of Nerita was measured with

vernier calipers. The resulting data were grouped into

0.5m shore levels. Voucher specimens of all species col-

lected have been deposited in the Western Australian

Museum where they have catalogue numbrs WAM 1 256-

76 to 1274-76.

RESULTS

A total of 3375 individuals belonging to 18 species of gas-

tropod molluscs was collected in the study. The density of

each species and the standard deviation in each zone is

given in Table i. Three zones were demonstrated by the

species : species which had their maximum level of abun-

dance at the lowest tide level, then tapered off as the

height on the shore increased; species with a maximum
density near the midtide level whose densities decreased

both above and below the midtide region; and species

most abundant in the upper tidal levels whose density

decreased below the hightide zone. The species compris-

ing each zone will be discussed in turn.

Of the 18 species collected 10 had their maximum
abundance in or near the lowest zone studied. Although
a majority of species was restricted to this lowest tidal

area, the numbers of individuals of each species were
generally very low. The entire group was represented by

507 individuals, which was 15.0% of all gastropods col-

lected. Included in this group is a number of minor spe-

dte which were represented by 25 or fewer individuals:

Cantharus erythrostoma, Cantharidus strigatus, Colum-
bella duclosiana, Haliotis varia, Onchidium daemelli,

Pattelloida saccharina, Montfortula variegata, and Tro-

chus lineatus. The most abundant species in the low inter-

tidal zone was Morula margariticola. This species had its

maximum density in the lowest two zones (Figure 2),

from 0.5 to 1.5m on the shore, where it had an average

density of 13.7/m'. The density of M. margariticola de-

creased rapidly above this level, with only 3 individuals

being found above the 2.5m mark. The other abundant

species in the lowest group, Thais kieneri (Figure 2), had

a wider distribution which ranged from 0.5 to 4.5 m.

This species was much less abundant than M. margariti-

cola and had a maximum density of only 3.5/m' in the

1.5 to 2.0m zone.

The second group of 6 species had their highest densi-

ties in the middle tidal ranges and were less abundant at

both higher and lower levels on the shore. The midtide

group was numerically dominant on the shore and ac-

counted for 76.0% of all specimens collected. Four

minor species are included in this group: Monodonta
lahio. Morula granulata, a species tentatively identi-

fied as Cuma gradata, and an unidentified thaiad

species. The most interesting feature of the midtide

group was the dominance of 2 species of the genus

Nerita: N. reticulata and N. undata. Nerita reticulata

(Figure 2) was the most abundant species collected

in the study, being represented by 1300 individuals

or 38.9% of all gastropods collected. Nerita undata

(Figure 2) was second with 1090 individuals (32.3%
of the total). Both species had a v^ade vertical range

on the shore that encompassed virtually all of the

zones studied. Nerita reticulata had low numbers of in-

dividuals below the 1.5m mark and increased gradually

in density to the 3.0m level, after which the numbers

dropped steadily. While it had essentially the same verti-

cal range as A^. reticulata, the zonation pattern of A^. un-

data was very different (Figure 2). Low numbers of 4.8

and less per m° were encountered both below 2.5m and

above 5.5 m. Instead of a gradual increase toward the

midtide level as was observed in N. reticulata, the num-
ber of individuals of A^. undata was relatively constant

at high levels of 16.0 to 20.3/m'' between the 2.5 and

5.5m levels. The maximum abundance of N. reticulata

occurred in the 2.5 to 3.0m level, one step below the high-

est density of N. undata. While the mean heights of the

populations of the 2 species were different, N. reticulata

had a mean of 3.0± 2.5m and A^. undata was 3.9± 2.6m,

the differences were not statistically significant (t-test,

0.05 level).

Only 2 species had their maximum abundances in the

upper intertidal levels and together they constituted only
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Table i

Density (No./m") of Marine Gastropods in the Intertidal Zone of Walsh Point, Admiralty Gulf; Western Australia, With one

Standard Deviation from the Mean Indicated for all Zones in which more than Four Individuals of a Species were Found.

The Level of Maximum Density of a Species is enclosed by a Square

Height above datum (m)

Species 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-4.5 4.5-5.0 5.0-5.5 5.5-6.0 6.0-6.5 6.5-7.0

Cantharidus slrigalus

Canthanis ervlhrosloma

Linnaeus, 1758

Columbella duclosiana

Haliotis varia

Linnaeus, 1758

Monlfortula variegala

Adams, 1852

Morula margariticola

Broderip, 1832

Onchidium daemelli

Semper, 1882

Patelloida saccharina

(Linnaeus, 1758)

Thais kieneri

Deshayes, 1844

Trochus linealus

Lamarck, 1822

cf. Curna gradala

Monodonla labia

Linnaeus, 1758

Morula granulata

Duclos, 1832

Nerita reticulata

Karsten, 1789

Nerita undata

Linnaeus, 1758

Thaiad Species 1

0.3 0.1

1.3

±1.0

0.6

±1.3

|0.3|

1
0.2

0.1

0.1

0.1

14.6

±5.5

12.9

±8.5

0.2

0.9

±1.2

0.3

0.1

Lower intertidal species

0.1

0.1

0.1

0.2

3.4

±3.5

0.3

0.1

1.7

±1.6

0.1

I
0.6

0.1

0.1

0.1

3.5

±2.3

0.1

5.0 7.6

:14.4 ±9.4

0.5

±0.6

0.3

0.5

±0.6

0.3

12.8

±14.3

1.3

±1.8

0.6

±0.6

0.4

2.4

±1.1

0.5

0.1

1.5

±1.1

0.8

±0.4

0.4

13.4

±9.6

4.8

±5.0

0.4

±0.5

0.1

O.I

0.3

0.3

0.1

1.4

±1.3

0.8

:1.1

1.8

±1.5

0.1

1.4

±0.7

0.1 0.3

Middle intertidal species

1.00.4

3.0

±1.4

35.9 32.5

±10.2 ±14.3

17.9 20.3

±7.3 ±9.7

2.4 1.0

±2.6 ±1.0

2.3

±2.3

2.5

±1.7

±2.7

0.8

±1.4

0.3

20.8 11.7

±13.2 ±9.0

19.5 19.3

±6.1

1.0

±0.9

3.8

±5.0

17.6

±6.0 ±9.2

0.3

Upper intertidal species

0.4 0.3

±0.4

16.3 3.4 1.5

±8.9 ±3.0 ±1.9

Nerita polita

Linnaeus, 1758

0.3

23.3

±11.7

24.7

±10.8

23.7

±17.5

24.9

±10.1

58.7

±25.8

0.3

1.1

±2.6

47.6

±1.8

1.1

±0.5

3.5

±3.6

38.1

±18.4

0.6

±0.4

3.3

±5.4

25.6

±18.4

2.3

±1.9

1.5

±2.2

5.8

±8.4

11.0

±10.9

0.6

±0.5

Planaxis sukatus

(Born, 1780)

10.5

±6.4

1.4

±3.0 "

Total density 61.1

±11.3

29.5

±18.5

3.5

±3.8
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Figure a

Zonation of Marine Gastropod Sp>ecies at Walsh Point, Admiralty

Gul^ Western Australia, Showing the Density of Each Sp)ecies at

the Various Tidal Heights. Densities Shown are Means and the

Standard Deviation for Each Mean is Indicated



Page 284 THE VELICER Vol. 20; No. 3

9.0% of all gastropods collected. Both Nerita polita (Fig-

ure 2) and Planaxis sulcatus (Figure 2) were found from

3.5 to 6.5m on the shore and had their maximum con-

centrations in the zone of 5.0 to 5.5m. Planaxis sulcatus

was the dominant member of this group, being 4 times

as abundant as A^. polita.

The total density of gastropods (Figure 2) was mod-

erate in the lower intertidal levels, ranging from 24.3/m"

at the 0.5 to i.om level to 24.9/m" at the 2.0 to 2.5m

interval. Density in the next shore zone more than doubled

to Gi.i/m", largely due to increases in the densities of

Nerita undata and A^. reticulata. The fact that the total

abundance of gastropods declined steadily above the 3.0m
mark is a further indication of the numerical dominance

of these 2 midtide species. A Simpson's (1949) index of

diversity was calculated for each of the intertidal zones.

Maximum diversity, where each individual belongs to a

different species, is indicated by a value of on the Simp-

son index; minimum diversity, where all individuals are

of the same species, has a value of i . The diversity index

closely paralleled the total gastropod density (Figure 2).

The midtide region of highest density was also the area

of highest diversity. Diversity was lower both above and

below the midtide region, as was the total density. The
index is designed to prevent the total number of individu-

als studied from influencing the index of diversity. Thus
the higher diversity in the midtide region is real and is

not simply an artifact of the higher number of individ-

uals which occurred there.

One of the most interesting features that can be ex-

amined with a study of this type is the partitioning of the

environment by groups of closely related species in a sym-

patric association with each other. Two such groups

were identified in this investigation. Four species of thai-

ad: Cuma gradata (tentative identification), Morula
granulata, M. margariticola, and an unidentified species,

occurred in the middle and lower intertidal regions.

Despite the fact that they are all carnivorous species in

the same subfamily, the thaiads belong to 3 different

genera and are not closely related taxonomically. Together

they comprised only 16.1% of all gastropods collected.

More interesting are the 3 species of the herbivorous genus
Nerita which feed by rasping algal material off the sur-

faces of the rocks on which they live. In contrast to the

thaiads the nerites all belong to the same genus and nu-

merically dominated the study, accounting for 72.9%
of all gastropods collected.

A number of studies {e. g. Edwards, 1969) of inter-

tidal gastropods have demonstrated that smaller individu-

als of a species tend to be concentrated on the lower shore

areas and larger specimens tend to be located higher in

the intertidal zone. Lower intertidal areas are covered

by seawater for a greater length of time during each

tidal cycle than the areas higher up, providing a more

gentle environment for a marine species. Juvenile individ-

uals are generally more susceptible to variations in condi-
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Nerita undata

\
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Figure 3

Mean Lengths of the Three Nerita Species Collected at Walsh Point,

Admiralty Gulf, Western Australia. For Each Tidal height a

Standard Deviation of the Mean is Indicated for Every Sample of

More than Five Individuals
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tions than are the adults, which usually have greater envi-

ronmental tolerances. Thus the mean sizes of each of the 3

Nerita species would be expected to increase as the area

sampled moved up the shoreline, but this was not the

case (Figure 3). The mean sizes of each species were

stable throughout the tide levels and no demonstrable

trends were evident, indicating that juveniles were not in

fact found lower on the shore than adults, but there was

a distinct tendency for very large individuals of each spe-

cies to be concentrated in the upper meter of the species'

range. The species themselves demonstrated a clear in-

crease in size with tidal height (Table 2). The average

length of all N. reticulata measured was 9.4 ±0.7mm.
This species was the lowest on the shore with a mean tidal

height of 3.0± 2.5 m. The intermediate A^. undata at 3.9

±2.6m averaged 13.0 ±2.1 mm, 1.4 times as large as N.

reticulata. Nerita polita, which was highest on the shore

at 5.2 ± 0.2 m, averaged 16.1 ± 1.6mm, 1.2 times as large

as N. undata.

The index of diversity devised by Simpson ( 1949) was

modified by Morisfta (1959) as the basis of an index

of overlap; the appropriateness of the overlap index has

been discussed by Horn (1966). The overlap index de-

veloped by MoRisriTA [op. cit.) has been used to deter-

mine the degrees of overlap between the populations of

the 3 Nerita species on the shore of Walsh Point (Table

2). The 2 species which occur at opposite ends of the

shore, A^. reticulata and A^. polita, had the lowest overlap,

0.07. Nerita undata occupied an intermediate position on

the shore and had a high overlap with both A^. reticulata

below and A^. polita above.

DISCUSSION

The diversity of gastropods was highest in the midtide

areas and tapered off towards both the higher and lower

portions of the shore. One would expect diversity to be

highest in the lowest intertidal areas which are covered

by seawater for the longest periods during each tidal cycle.

Reimer (1976), for example, studied the intertidal fauna

on rocky shores on the Pacific coast of Panama. Of 220

species identified, 42% were found exclusively in the lower

intertidal zone, 17% were limited to the midlittoral and

only 6% were exclusive to the upper shore. The remaining

species had distributions that overlapped at least 2 zones.

The lower intertidal zone had the highest diversity and

the splash zone the lowest. The unexpectedly low diversity

in the lower intertidal zone of the Admiralty Gulf can be

easily explained in terms of the beach structure. The
rocks of the midtide region are large enough that they

are not rolled about by waves except during storms. With
one rock lying on another there is an abundance of crev-

ices and nooks and crannies for the snails to retreat into

during the emersion at low tide. In the lower portion of

the intertidal zone the rocks are spaced about 30cm
apart, eliminating the availability of refuges in the gaps

between adjacent rocks. The index of diversity is based on
the quantitative samples in which orJy 18 of the most

common gastropod species were found. Intense collection

in the area for the report on the moUuscan fauna of the

Admiralty Gulf has shown that at least 75 gastrojrad spe-

cies occur at Walsh Point.

The dominance of the 3 Nerita species was overwhelm-
ing: N. reticulata constituted 38.9% of all gastropods col-

lected and A^. undata 32.3%. Nerita polita was a minor
species at 1.8%. The dominance of the 3 congeneric spe-

cies raises the question of how they partition the available

resources and which factors are potentially limiting. The
population of N. polita is partially segregated spatially

from the other 2 species. Nerita polita is an upper inter-

tidal species with a mean population level of 5.2± 0.2 m,
above the levels of N. reticulata and A^. undata.

Table 2

Characteristics of the Populations of Ntrita at Walsh Point,

Admiralty Gul^ Western Australia

Shell length Shore height Niche overlap

Minimum Maximum Mean ± 1 SD Minimum Maximum Mean ± 1 SD Index Species

(mm) (mm) (mm) (m) (m)

Nerita reticulata 4 12 9.4±0.7 0.5 6.0 3.0+2.5 0.07 Nerita reticulata— Nerita polita

Nerita undata 3 22 13.0+2.1 1.0 6.5 3.9+2.6 0.29 Nerita undata— Nerita polita

Nerita polita 11 22 16.1±1.6 3.5 7.0 5.2+0.2 0.35 Nerita reticulata— Nerita undata
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The index of overlap between Nerita polita and A^.

reticulata was very low, only 0.07. The overlap between N.

polita and N. undata, which occupies the intermediate

position on the shore is much higher, 0.29, indicating a con-

siderable overlap. Populations of the 2 dominant nerites,

A', reticulata and A', undata, are also somewhat segregated

vertically, with A^. undata being higher on the shore (3.9

±2.6m) than N. reticulata (3.o:±:2.5m), but the over-

lap between populations was substantial. Both occurred at

virtually every tide level sampled. The maximum density

of N. undata was in the 3.0 to 3.5m tide level, one zone

above the maximum abundance of A^. reticulata. The
index of niche overlap was high, 0.35, reflecting the sub-

stantial mixing of the populations.

Most studies of density regulation of intertidal gastro-

pods have been done on limpets. Frank (1965) showed

that the density of the limpet Acmaea digitalis Rathke,

'833, wjis limited by an interaction of space and food re-

sources. This appears to be a general condition in limpets.

Underwood (1975; 1976) found density regulation in

Nerita atramentosa Reeve, 1 855, to be a function of food

competition. Significant natural mortality was only found

in the adults of the population. Underwood suggested that

if the density of A', atramentosa was increased above the

critical level by excessive numbers of juveniles settling on

the shore the growth rates of the juveniles would be

slowed and adult mortality would increase until the popu-

lation had returned to normal levels. Nerita atramentosa

feeds on diatoms and algal spores which are thought to

be replenished on each high tide (Underwood, 1975;

1976). The exact food of the 3 Nerita species of the Admi-
ralty Gulf is unknown, but their radular structure is simi-

lar to that of A^. atramentosa and it is reasonable to suggest

that food could also be a limiting factor for the Admiralty

Gulf species. Food competition would be lessened by the

differences in mean tidal height of the 3 species, which
means that each is concentrating its feeding on a differ-

ent shore level. Another possible factor in reducing com-
petition is differences in the behavior of the species. This

possibility has not been examined in the present study.

Coleman (1976) reported on the activity patterns of 3
species of Nerita: N. albicilla Linnaeus, 1758; N. plicata

Linnaeus, 1 758, and A^. polita. All 3 actively move about
while immersed at high tide and during the initial stages

of emersion as the tide falls. When the rocks dry during
low tide, the snails retreat into sheltered areas and become
quiescent. While the pattern of behavior of the 3 species is

similar, the selection of sheltered areas varies between spe-

cies: N. plicata congregates in crevices and hollows; A^. al-

bicilla remains in damp, shaded crevices; and A^. polita

tends to burrow into the sand. If similar behavioral differ-

ences are operating in the species found in the Admiralty
Gulf they could influence the areas grazed by each species.

A number of nerite species occurs along the rocky

shores of the Western Australian coastline (Wilson &
GiLLETT, 1974). Nerita atramentosa is a cold water spe-

cies which is widely distributed alcmg the south coast and
extends northward along the west coast as far as Point

Cloates. Nerita albicilla, N. plicata, N. polita, N. reticu-

lata, and A^. undata are all tropical species which have a
range extending across the entire tropical north coast of

the state and range southwards on the west coast. The
numerous possible interactions between these 6 species

offer a wide range of interesting avenues of investigation.

Possible behavioral differences and mechanisms of density

regulation have already been mentioned. Varying com-
binations of the nerites occur at various localities along the

northwestern coasts of the state. It would be interesting

to investigate the populations of several species for evi-

dence of character displacement. Fenchel (1975) has

shown that character displacement occurs in the gastro-

pod genus Hydrobia where mean individual sizes of the

species change when 2 or more species are present. A
similar factor could be operating in Nerita: N. undata

averaged 1.4 times the mean shell length of N. reticulata,

and the average A^. polita was 1.2 times as large as N.
undata. The sizes of all 3 species in the Admiralty Gulf

were well below the maximum sizes reported by both

Cernohorsky (1972) and Wilson & Gillett (1974).
A second possible mechanism of character displacement

is a change in the mean shore level of a nerite species

when it occurs with one or more other nerites. Particularly

interesting in this regard is A^. atramentosa which is the

only nerite on most shores, where the population is cen-

tered in the low intertidal zone (Prideaux, 1976). It

would be interesting to see if the population of N. atra-

mentosa is forced to lower shore levels by competitive

interaction with other nerites in areas where it is sym-
patric with other species of Nerita.
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